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Abstract 
 Stone in the past decades has been the most widely used building material, highly tied to the natural environment. 
The stone walls, dams, warehouses, farmhouses, paving, etc., are remarkable stone constructions and functional 
creations. Stone as building material was originating from rocks in the near territory, resulting an absolute harmony 
with the natural environment. From a hydrological and hydrostatical point of view, many of the protective type 
stone structures (terraces, dams) had gaps in their main body for passage of the water, significantly reducing the 
hydrostatic loads and increasing their stability. Finally, stone constructions as terraces, gutters, benches and walls 
protect agricultural lands and increase the soil moisture making them productive. In the present paper the 
agrotechnical, constructional and hydrologic characteristics of stone structures in Epirus Greece are presented. 
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1. Introduction 
Since the development of the first organized societies the need to build houses and other structures such as 
theatres, divinations, temples, walls etc., to protect against natural phenomena and to conservation of high slope 
terraces, which are easily effected by erosion phenomena, lead us to find building materials suitable for the 
construction of such structures. The structural material, which has and continues to have a dominant position in these 
constructions, was the stone, and the stone with binder of natural materials (lime, clay, mud, wood etc). In areas with 
an abundance of suitable stone materials the prevalence in the construction was absolute. Typical cases of absolute 
prevalence of stone material in Greece are Zagoria (Arapoglou, 1981) and Mani (Fig. 1).  
Stone against the other natural materials (wood, clay, mud, grass, branches, ice, etc.) has excellent mechanical 
properties such as strength in time, offering maximum security against external threats. Also, very important is the 
usage in many signages and the ability to create multi-functional indoor spaces. Structures such as the Pyramids, the 
Great Wall, the Cyclopean Walls, Castles, theaters, churches etc. are impressive stone structures. Often stone 
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construction, in order to avoid extreme weather conditions, acquire special architectural form using natural cut stone 
in very large pieces (> 2,00m). Typical such cases are the Mitata of Crete which are circular buildings for the 
residence of the shepherds in the mountainous regions of Psiloreitis (Fig. 2). 
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Fig 1. (a) View of Sirako in Tzoumerka, Greece; (a). View of Mani, Greece  
a   
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Fig 2. View of Mitato in Crete; (a). External view; (b). Internal view 
Stone was used in the construction of benches and terraces of the ancient Greeks (Gkanatsios et. al., 2012). 
Terraces were stone walls for prevailing erosion in areas with high slopes. In Aegean islands and in mountainous 
Greece retention of land and soil moisture was a matter of survival (Vernicos et al., 2002). The maintenance of life 
and culture in these regions were closely linked to the construction of protective stone walls (Zahariades, 2004). 
Although terraces aimed at soil protection and increase of humidity they also created impressive aesthetic modules 
perfectly harmonised with its surroundings, making them essential cultural elements in the construction areas. The 
harmony of the local stone material with green crops and soil colors created spectacular formations. The use of stone 
as a building material covering other equally important human needs, such as building bridges and dams and paving 
of trails and roads(Koronaios and Sargentis, 2005). Before the discovery of all concrete bridges, dams and roads 
constructed using natural stone with or without binder. The beautiful stone arch bridges of our country and stone 
made dams (Fig. 3), etc., were and are excellent structures in the natural environment giving a new aesthetic view, 
which is not contrary to the natural landscape but adds a charming touch (Figure 4). For this reason, the beautiful 
stone arch bridges of our country apart from basic nodes and channels of trade, transport and communication of 
peoples and cultures, were an exquisite elements of our cultural heritage. 
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Fig 3. (a) View of arch bridge in W. Macedonia, Greece (bridge Aziz Aga); (b) Arch bridge and stone dam in Portaikos river, Greece. 
  
Fig. 4 Arch bridges in harmony with natural environment (Varras, et al., 2012a) 
 The construction of trails and roads, to resist the strong pressures animal drawn vehicle and the roofs of houses 
(Legakis, 1997, Mammopoulos, 1973), to ensure stability and seal required coating with durable stone taken from 
near borrow pits (Fig 5). Known our Gkalderimia are paved roads with blocks carved from strong durable stone 
(granite, basalt, amphibolites, etc.), able to withstand the strong pressure of the vehicle and the disintegrating effects 
of climate (Pavlidis et al., 2012). The cutting and placement of hard blocks of stone streets were extremely laborious 
work, which in the past exclusively on the slaves, especially during the Roman period (Varras, et al., 2012). The 
stone streets for centuries beyond their usefulness as transport and movement of goods were aesthetically - cultural 
elements, imposed aesthetics, in modern aesthetic of urban environment (Varras, et al., 2007). Today pedestrian, 
configurations squares, open spaces and others use as a construction material synthetic and not natural stone, for 
economic reasons.  
a
 
b
 
c 
Fig. 5. (a) view of stone street; (b) view of stone roof; (c). view of natural stone place 
Based on the above, the present study investigates the type, the properties the geometry and the structural method 
of construction with stone materials, the static and hydraulic behavior of stone structures, and the architectural 
prospective and adaptation with the natural environment. The survey covers typical or representative stone structures 
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(churches, theaters, Divination, Monasteries, Villages, Bridges, Buildings, Dams, Roofs, roads, warehouses, etc.) in 
areas of Epirus Greece. The Epirus was selected as study area, because in this region stone constructions have better 
static, hydrostatic, aesthetically and functional characteristics in Greece. 
2. Study area - Methods 
For this paper the typical and representative of Epirus stone made constructions with natural binding material 
(clay, lime, straw, etc.) were Nekromanteio Acherousia (Fig. 6.a), the Theatre Dodoni (Fig. 6.b), the Water reservoir 
of Nicopolis (Fig 6.c), the Castle of Ioannina, Arta and Paramithia (Fig. 7.a and 7.b), the Kipinas Spiliotissa and 
Agia Paraskevi Monasteries (Fig. 8.a., 8.b. and 8.c.), Stone streets, Rooftops and Houses, Building Stone Walls (Fig. 
9), Dams and Bridges (Fig. 10), as well as benches, gutters and drainers (Fig. 11). 
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Fig. 6. (α) The Nekromadion of Axerousia (β) Dodoni theatre (γ) Water reservoir of Nikopolis 
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Fig.7. View of Castle in (a) Ioannina; (b) Artas; (c) Paramithia 
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Fig. 8. (a) View of Kipinas monastery; (b) View of Spiliotisas monastery in Boidomatis river; (c) View of Agia Paraskevi in Zagori 
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Fig. 9. (a) view of stone street; (b) view of stone roof; (c) view of stone roof; (d) view of stone roof; (e) view of stone buildings; (f) view of stone 
walls; (g) view of stone walls 
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Fig. 10. (a) view of stone dam; (b) view of stone bridge Kokori; (c) view of stone bridge Kipoi 
a
 
b c d
Fig. 11 (a) view of stone gutter; (b) view of stone gutter; (c) view of stone benches; (d) view of drainage in stone dam 
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The main characteristics of the construction materials and structures that were examined in the study area are 
presented below:  
 the origin, dimensions (geometry) and building construction method  
 the basic mechanical properties of material (strength and compressive strength, specific weight, permeability, 
resistance to the corrosive influence of climate, etc.)  
 static-hydrostatic mode of constructions, particularly the terraces, of stone walls, dams and bridges  
 the adaptation of these structures in the natural environment and their contribution to the planning of landscape 
composition. 
3. Analysis 
 The construction material in the study area is the stone because it is easy accessible and is situated in abundance. 
Generally in Epirus region, due to geological conditions (abundant limestone formations), most stone structures used 
as building material natural or carved limestone (Kotoulas, 2001). The dimensions of the stones that were used in 
construction were appropriate to the kind of the purpose and the static function of the structures. In stone streets 
construction, the usage of limestone materials was rare because limestone creates smooth and dangerously slippery 
surfaces. In addition, the strength of the limestone in strong pressure rails of horse-drawn wagons in past times was 
small. For this reason, the streets and the specific surface parts with increased static or hydrostatic loads (coronation 
fronts of dams, vaults, pavements, arches, angles and openings bridges, houses, castles, aqueducts, etc.) were made 
almost entirely with granite materials or other hard plutonic rocks. If no durable materials were there, then healthy 
limestone blocks were used.  
Finally, for building stone roofs, the construction material was always healthy and resistant non fractal thin solid 
blocks of impermeable shale. Shale materials were used for sealing buildings and non-disintegrating them from 
freezing ( absence of cracking phenomena in shale), but also to avoid overload of these structures with bulkier and 
heavier materials In Table 1 are presented the origin and the geometry (dimensions) of the studied stone and natural 
stone with binder materials. Also technical properties of the materials that were used and particularly their strength 
in compression, tension, slip, dry specific weight etc. provided in Table 1. 
   Table 1. Engineering properties of structural materials of stone and stone with natural binder in study area   
(Charalampakis, 2011, Diamantopoulou, 1977, Gross, 1985) 
C
at
eg
or
y 
Engineering properties of stones Dimensions 
Building structures  
with  
specific material 
Specific 
weight 
(t/m3) 
Porosity 
 
(%) 
Permeability 
coefficient 
(t/m3) 
Compressive 
strength 
(Kg/cm2) 
Tensile strength 
 
(Kg/cm2) 
Length 
 
(cm) 
Width 
 
(cm) 
Thickness 
 
(cm) 
Ι. LIMESTONE - DOLOMITE 
Α 2,38 ÷ 2,42 2,6 ÷ 9,8 10-1 - 10-2 5,9 ÷ 8,2 0,61 ÷ 0,82 15 ÷ 50 10 ÷ 30 5 ÷ 20 1,4,5,6,8,9,11,12,13,14,1
42,151,152,153,16,17,18 
Β 2,37 ÷ 2,40 3,8 ÷ 10,3 101 - 10-1 4,2 ÷ 6,7 0,39 ÷ 0,57 12 ÷ 50 7 ÷ 30 5 ÷ 20 3,4,5,6,8,9,11,12,13,142, 
153,17,18 
C 2,35 ÷ 2,41 3,3 ÷ 10,2 100 - 10-1 4,8 ÷ 6,9 0,41 ÷ 0,59 6 ÷ 15 4 ÷ 10 3 ÷ 7 11,13,153 
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II. GRANITE, BASALT, GNEISS, AMPHIBOLITE, QUARZITE, TRACHYTE, SYENITE 
Α 2,58 ÷ 3,14 0,8 ÷ 3,4 10-8 - 10-10 6,1 ÷ 11,9 0,59 ÷ 1,08 18 ÷ 30 8 ÷ 12 10 ÷ 14 14,15,16,18 
Β 2,53 ÷ 3,08 1,5 ÷ 6,7 10-6- 10-8 4,6 ÷ 10,7 0,39 ÷ 0,85 25 ÷ 40 15 ÷ 25 10 ÷ 18 1,2,3,4,5,14,151,152,17,1
8 
C 2,50 ÷ 3,22 1,3 ÷ 5,9 10-7 - 10-9 4,2 ÷ 10,1 0,32 ÷ 0,80 10 ÷ 30 7 ÷ 20 6 ÷ 18 1,2,3,4,5,7,12,141,142, 
151,152,17,18 
D 2,68 ÷ 3,28 0,7 ÷ 2,3 10-8 - 10-10 7,8 ÷13,6 0,76 ÷ 1,44 10 ÷ 50 8 ÷ 30 5 ÷ 15 1,3,4,5,6,7,11,12,13,142, 
153 
E 2,60 ÷ 3,32 0,9 ÷ 5,2 10-7 - 10-9 5,2 ÷ 10,7 0,47 ÷ 0,96 6 ÷ 12 4 ÷ 8 3 ÷ 7 3,11,13,142,153 
 
ΙΙΙ. SCHIST SOLID 
A 2,35 ÷ 2,43 0,5 ÷ 12,0 10-9 - 10-11 2,7 ÷ 3,3 0,13 ÷ 0,21 25 ÷ 60 15 ÷ 40 2 ÷ 5 3,10,11,13,17 
B 2,32 ÷ 2,39 2,1 ÷ 21,0 10-8 - 10-10 1,9 ÷ 2,4 0,09 ÷ 0,15 20 ÷ 60 15 ÷ 35 2 ÷ 5 3,11,13,142,153,17 
C 2,30 ÷ 2,40 2,9 ÷ 18,0 10-8 - 10-11 2,0 ÷ 2,5 0,11 ÷ 0,19 5 ÷ 15 4 ÷ 12 1 ÷ 4 11 
IV. PSAMMITE,  MARL LIMESTONE, TUFF 
A 2,28 ÷ 2,65 0,8 ÷ 12,0 10-1 - 10-2 2,3 ÷ 8,7 0,18 ÷ 0,73 80 ÷ 500 50 ÷ 60 60 ÷ 80 2 
60 ÷ 250 30 ÷ 70 20 ÷ 50 1,2,3,4,5,6,7,11,12,14,15
,152,17,18 
30 ÷ 60 20 ÷ 30 10 ÷ 25 1,2,3,4,5,6,7,11,12,13,14
2,152,153,17,18 
B 2,21 ÷ 2,52 2,1 ÷ 21,0 10-0 - 10-6 2,0 ÷ 6,7 0,09 ÷ 0,58 30 ÷ 80 20 ÷ 40 10 ÷ 30 3,11,13,142,152,153,17 
C 2,20 ÷ 2,66 2,9 ÷ 18,0 10-2 - 10-7 2,2 ÷ 6,8 0,11 ÷ 0,63 5 ÷ 12 4 ÷ 8 3 ÷ 7 3,11,13,142,153 
LEGEND 
I. A = Healthy homogeneous, solid, B = Heterogeneous fractal, C = Broken stones, D = Cobblestones healthy solid, E = Stones in special 
construction, health solid 
II.  1= Nektomandeio Axerousia, 2= Dodoni theatre, 3= Water reservoir Nikopoli, 4= Ioannina castle, 5 = Arta castle, 6= Paramithia castle, 
7= Kipinas monastery, 8= Spiliotissas monastery, 9= Agia Paraskevi monastery, 10 = House roofs, 11 = Stone made buildings, 12= Stone 
made with natural binder, 13= Stone walls benches, 14 = Stone dams  (141 = dam crest, 142 = main dam), 15= Bridge (151 = canopy 
bridges, 152 = crest bridges, 153= main bridge), 16= Stone roads, 17= kennel drains, 18= Dam openings, wall openings e.g. 
Depending on the type, dimensions and architectural features of the building and the available building material 
similar techniques in construction were developed:  
 Simple separating stone walls (for the discrimination of property land, houses, etc.), who do not have external 
loads (hydrostatic, earth pressure) only their weight. They had simple rectangular shapes with thickness ≥ 60cm, 
which achieved with interaction of stones. The internal spaces covered with smaller stones or stone fragments. 
Usually the coronation had large uniform plates overlaid, as a cover. These plates stabilize the underlying 
structure allowing the safe movement of people. Today these plates were replaced with concrete with thickness 
10cm. Variations of the above building method were the stones or stones with natural binders buildings without 
special requirements (such as arches, large openings, etc.). Often these structures per 1,0-2,0m height had 
borelogs positioned parallel to the length of the wall filled with mud and sometimes straw, reeds, hair (especially 
goat), etc. operating as natural steel.  
 Walls subject to earth pressures and hydrostatic loads as terraces, retaining walls, etc., how had trapezoidal form 
with upstream face vertical or slightly inclined, and downstream sloping forehead (sloping 1:10-1:4). In this case, 
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more stable stone blocks were placed on the outer perimeter of the structure. Similarly were constructed the stone 
or natural binder dams due to the applied hydrostatic - hydrodynamic force of the water. 
 Domes, arches and vaults of houses, churches, aqueducts, walls and bridges were built with stones perfectly 
homogeneous, cohesive and resistant to compression and with appropriate dimensions of structures (Table 1). In 
bridges arcs were usually form a semicircle or downed semicircle, and were made with help of arched wooden 
construction with progressive symmetrical building. The construction started from downstream to upstream, and 
after the placement of the upper central stone, "key", the wooden mold was removed and the resultant force 
through the key divide into two equal-sized forces, which was passed through the canopy to the ground. 
Sometimes the structure of the dome (arc) was built without the use of the supporting wooden arc. 
 In the case of successive arcs bridges, intermediate arches were based on stone pillars who hade openings in a 
height estimated by the manufacturer, for the expansion of hydrostatic and hydrodynamic energy of water during 
floods. The foundation of bridge piers with successive arcs on shaky gravel sand alluvial soils, couldn’t 
withstanding the weight of the bridge itself and the weight of passing people and animals, and it was problematic 
to impossible. In this case, the manufacturing technique intended to reduce the weight of the structure itself and 
to reduce the applied river pressure in the bottom of the streams. Weight reduction was achieved through the 
construction of gaps in the body of the structure to reduce the specific weight at least 20-25%. Also, actions as 
broadening the base of the structures or building stone-piles in the bottom of the streams resulted the elimination 
redundant forces. 
 In stone streets, digging and installation of stones was applied to a minimum depth of 1/3 of their thickness, by 
placing per 5-7m series of stones (thicker usually twice) and substantiating them in a height of 2/3 of their width. 
Similar was the construction of kennel with width usually 20-40cm, and at least twice the thickness of stones in 
slopes for drainage the runoff water.  
 In Special structures such as the Dodoni theater, the walls of the Castles in Ioannina, Arta, Paramithia, Churches, 
House Roofs etc. the type and size of the stone construction was determinate by the construction needs (eg 
grandstands Dodoni Theatre, exterior or interior face of the walls of castles, etc.) and quantity of material in the 
area. For example, the stone material of the Dodoni Theatre had a length, width and thickness greater than 80, 50 
and 60 cm respectively. On the roofs of houses, in order to minimize the weight of the stone-built roof, always 
used impermeable slate with thickness <5cm, mounted accented approximately one third of its surface.  
Regarding the static and hydrostatic behavior and function of stone and stone with natural materials, structures we 
observe:  
 Stone structures without connecting material usually don’t have solid foundations while stones connecting with 
natural stone material always have foundation.  
 Stone structures are loose structures while those with connecting material are consistent.  
 Stone structures through their gaps, which functioned as a perfect drainage system did not receive strong 
hydrostatic forces, in contrast to compact solid stone constructions. 
About the adaptation and the aesthetic view of the studied structures to human and the natural environment, in 
addition to the above analysis, we observe the following:  
 The chosen dimensions and color shades of the building material and the spatial layout, dimensions and volume 
of construction was done on the basis of harmonious pairing with the colors of the surroundings. The aesthetic 
and chromatic adaptation, including Kipina and Spiliotissa monasteries, Houses, Roofs, Bridges, Kennels etc., 
reached in such a degree of harmony, that these structures constitute the most important expressions the wider 
environment.  
 Large bulky or extensive structures such as castles Ioannina, Arta and Paramithia, Nekromandion Acherousia, 
the Water Reservoir Nicopolis, Theatre of Dodoni, Settlements, Paved roads, Stone streets etc., are in places how 
don’t downgrade the natural environment but giving to this a new aesthetic form harmonized and integrated into 
the whole landscape, creating new masterpieces.  
4. Results 
In this paper the usage of stone as a building material for the improvement of the natural and human environment 
in the Greek territory is analyzed. In particular, in Epirus region, the widespread usage of stone as a building 
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component due to the quality and quantity of the rock formations in the area and to local human and environmental 
conditions is concluded. Stone structures, as theatres, water reservoirs, castles, monasteries, stone streets, stone 
walls, dams, bridges, benches, gutters and drainers contribute to the improvement of human and natural 
environment. 
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